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Natural and Anthropogenic Influences on Flow Patterns and Sediment Characteristics in
the Dona and Roberts Bay Estuarine System, Sarasota County, Florida
Kyle W. Kelso
ABSRACT

The Dona and Roberts Bay watershed comprises one of the five major watersheds
in Sarasota County, Florida. It is connected to the Gulf of Mexico via Venice Inlet. Like
many estuaries in the Florida, significant modifications have been made to the drainage
basins, principally to the main tributaries. The system has undergone several
anthropogenic modifications to enhance water management efforts. Creeks that comprise
fresh water input into the system have been dammed in order to inhibit the upstream flow
of salt water during the dry season. They are also deepened or lengthened to allow for
better drainage. In addition, biogenic activity has also had morphological effects on the
system. There are numerous oyster bars, and mangrove forests that impose obstruction to
the tidal and river flows. This has resulted in a highly complicated estuary system in
terms of flow velocities and sedimentation patterns.
The objectives of this study are to quantify the sediment characteristics and
deposition-erosion trends and their relationship to flow patterns and other natural and
anthropogenic factors within the system. A detailed sedimentary analysis was conducted
based on 149 surface sediment samples and 29 drill cores. Spatial distribution of the
sediment properties is quite complex, controlled by several interactive factors including;
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local sediment supply, intensity of the hydrodynamic processes, distribution of oyster
bars and mangrove islands, and artificial structures.
Sedimentation and erosion is significantly influenced by flood events. In some
locations, such as the mouth of the fluvial channels, or the confluence of two creeks, the
core data suggest that rapid sedimentation, driven by flood events, is responsible for the
development of some of the large shoals. A 2-D depth-averaged circulation model was
established for the study area. Many of the natural structures and artificial modifications
to the watershed system are incorporated into the model. A close relationship between the
flow intensity and sediment characteristics, and therefore, sedimentation-erosion
tendency is identified.
Remotely sensed data is also incorporated into the study in order to gain an
understanding of the development of the estuary system over a ten-year period. Data
suggests that the maturation of biogenic organisms that inhabit the system coincides with
the development of complex sedimentation patterns.
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Chapter 1
Introduction

The coastal areas of southwest Florida are largely comprised of barrier islands,
where in many places these islands have formed and protect an estuarine system.
Estuaries can develop in an array of environmental settings. The most common variety in
the subtropical Florida coastline is the wave-dominated estuary system (Davis and
Fitzgerald, 2004). The properties of these estuarine environments are controlled by a
combination of tidal fluctuations, discharge from fluvial systems, and wave action. The
barrier islands inhibit tidal flux but still permit enough marine influx to produce brackish
conditions when combined with freshwater runoff via rivers (Davis and Fitzgerald,
2004). The most widely accepted definition of an estuary is “A semi-enclosed coastal
body of water which has a free connection with the open sea and within which sea water
is measurably diluted with fresh water derived from drainage” (Pritchard, 1967).
Estuaries are predominantly connected to the open ocean by a tidal inlet. Tidal
inlets occur in coastal plain settings and in other regions where there has been a sufficient
supply of sand for barrier spit construction across embayments (Davis and Fitzgerald,
2004). Tidal inlets are very dynamic, and unless they are protected in some way, they can
open, close, or migrate depending on environmental conditions.
Throughout history estuaries have been the choice location for the erection of
harbors, as they provide protection from the pounding waves of the open sea. The
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background of navigation reveals that the coastal estuaries and inlets not only have been,
but still are factors of immense cultural importance (Bruun, 1960). Like most coastal
areas in southwest Florida, there is a delicate balance between the expansion of the
population around coastal regions and the protection of the natural estuarine environment.
Dona and Robert’s Bay estuarine system is a complicated estuary in which many factors,
both natural and artificial, contribute to the morphodynamics and sediment characteristics
of the area. The fact is that everything in nature is in a process of development, and man,
by interfering with this development, can influence the process in one way or another
(Bruun, 1960).
Estuary systems tend to be influenced primarily by river and tidal processes, with
wave influence being dependent upon the size and depth of the estuarine basin (Davis and
Fitzgerald, 2004). The hydrology controls the water chemistry, the biota, and the
sediment that forms the substrate (Davis and Fitzgerald, 2004). The hydrology and
climate of the estuaries in Florida is favorable for the population of mangrove trees.
Mangroves are restricted to protected waters where currents are sluggish and waves are
small (Davis and Fitzgerald, 2004). Mangrove forests, or mangals, also have an effect on
sedimentation.
In some places, these mangals are associated with sinuous oyster bars, which are
aligned perpendicular to flow in order to filter sufficient nutrients from the water column
(Figure 1). Over time, sediment accumulates at the base of these features from both tidal
and fluvial sources. Mangroves have a dense network of root structures which limit the
currents, both fluvial and tidal. These perpendicular processions alter flow through the
system, which in turn creates distinctive sedimentation patterns. Their intricate root
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systems undoubtedly assist accretion and hamper erosion (Spenceley 1977; Bird, 1986;
and Furukawa et al., 1997). Mangroves are tidal forest ecosystems in sheltered saline to
brackish environments and are generally known to favor deposition. The dense and rigid
network of stems, branches and aerial roots causes an increased bottom roughness that
result in a reduction of currents and attenuation of waves (Van Santen, 2007 and Quartel,
2006).

Figure 1. Examples of natural and artificial barriers that cross the system perpendicular to flow.

Anthropogenic structures can also have an effect on sedimentation patterns
throughout an estuarine system. Causeways and bridges are constructed, usually across
the narrowest span of the system, which alter flow patterns. Dams are constructed in
order to retain fresh water and limit salt water intrusion up stream. Canals are dredged in
order to allow for better drainage of the surrounding wetland, and to create additional
uplands. All of these factors play a role in the morphodynamics of an estuary system.
3

The goal of this study was to determine if there is a correlation between the
sedimentation characteristics and the flow patterns created by the naturally and
artificially erected features of the system. One hundred forty-nine surface sediment
samples were collected throughout the estuary in order to determine grain size, organic
content, and carbonate content. A surface sediment map was created from these data
using a GIS database in order to determine if a pattern existed in the distribution of
sediment characteristics. Twenty-nine cores were extracted from the estuary, six of which
were collected from the shoal at the base of Curry Creek. These cores were examined to
detect variations in sedimentation rates and to determine in what manner sedimentation
occurs. Bathymetry data, collected form an earlier study of the bay, was incorporated into
several renditions of a two-dimensional depth-averaged flow model, which was used to
calculate flow patterns throughout the system. Remote sensing techniques were utilized
to study time series photos of an area at the base of Curry Creek, discharging into Roberts
Bay, to demonstrate the development of the shoal and of biota in the bay over a ten year
period.

Study Area

Supported by a grant from Sarasota County, the Coastal Research Laboratory at
the University of South Florida, in collaboration with Mote Marine Laboratory,
investigated the surface sediment characteristics and sedimentation patterns throughout
the Dona and Roberts Bay estuarine system (Figure 2). Specific areas of interest included
the upper regime of Roberts Bay, where Curry Creek discharges into the bay, in which
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heavy sedimentation has occurred over a short span of time. A shoal has developed at the
base of Curry Creek which feeds into Roberts Bay. This shoal, consisting of
predominantly fine quartz sand, has filled much of the upper regions of the bay, so much
so that once a moderate traffic area for boats is now too shallow to navigate. Dredging of
the bay has been taken into consideration, but due to the abundance of biological activity
throughout the bay, such as abundant sinuous oyster bars and mangrove populations, the
process of dredging becomes complicated.
Dona and Roberts Bay estuarine system is located in Sarasota County, Florida.
The system consists of three main interconnected shallow bays; Dona Bay, Roberts Bay
and Lyons Bay (Figure 3). Unlike Dona and Roberts Bay, Lyons Bay has no freshwater
discharge entering the bay; because of this fact, the study area for sedimentation
characteristics was limited to Dona and Roberts Bays. However, bathymetry of Lyons
Bay was utilized to calculate ebb and flood velocities entering and exiting the bays for
modeling purposes.
Connecting the Dona and Roberts Bay to the open sea is Venice Inlet, where
almost all of the incoming tide enters the system. Venice Inlet is considered a littoral drift
inlet in which the barrier islands migrate in the direction of the prevailing littoral drift
(Bruun, 1978). In the case of Venice inlet, formerly known as Casey’s pass, the
prevailing drift is in a southerly direction. In 1938, construction of the jetties on Venice
Inlet was complete, stabilizing the location of the inlet.

5

Figure 2. Regional map of the study area.
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Figure 3. Map of the bays and associated fluvial systems in the Dona and Roberts Bay estuarine system
(figure courtesy of the Sarasota County Watershed Atlas).

The study area is characteristic of a mixed tidal regime, also referred to as tropical
tides (Wang et al., 2007). The spring tide is typically diurnal with a range of
approximately 0.8 m to 1.0 m. Neap tide is semi-diurnal with a range of 0.3 to 0.4 m.
Figure 4 illustrates the spring-neap tidal range at nearby Big Sarasota Pass and New Pass
in Sarasota County, Florida. Tide level fluctuations at Venice Inlet are believed to be
similar to the measured levels at New Pass and Big Sarasota Pass due to their close
proximity (Figure 5).
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Figure 4. Two week spring and neap tidal cycle measured at Big Sarasota Pass and New Pass in northern
Sarasota County, Florida (Figure courtesy of Wang et al., 2007).

Figure 5. Proximity of Big Sarasota and New Pass to Venice Inlet. The distance between the inlets is
approximately 22.0 km (Figure courtesy of Google Earth).
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The drainage basin for the Dona and Roberts Bay watershed encompasses
approximately 192 km². There are many small, low-gradient creeks that feed into the
main tributary discharging into Dona Bay, known as Shakett Creek. Shakett Creek is an
artificially modified fluvial system. It has been dredged on numerous occasions for a
variety of reasons. In the 1960’s it was deepened to allow for better drainage for the
farming community. Just recently, it was dredged to allow for the navigation of marine
vessels. It has also been dammed in order to inhibit the flow of salt water upstream. Dams
also affect sedimentation as well. Typically, sediment becomes trapped by the dams and
is not able to reach the downstream limits of the system.
Much like Shakett Creek, Curry Creek, which feeds into Roberts Bay, is an
artificially modified creek used to aid the drainage process of the watershed. Blackburn
canal was dredged in the 1960’s to alleviate drainage problems in the eastern portion of
the study area, which at that time consisted mainly of agricultural land. It was lengthened
in order to connect the Dona and Roberts Bay watershed to the Myakka River, also to
alleviate flooding problems further inland. Under a thin veneer of sediment is the bedrock
consisting of limestone with a thin overlying veneer of clay.
Typically, rainfall averages 53 cm/yr, with the months of May-October
encompassing the wet season (Figure 6). Before the drainage canals were dredged, with
an average elevation only four to five feet above sea level, the area around Dona and
Roberts Bay would become swamp-like. With the construction of the drainage canals
flooding, especially during the rainy season, was drained aggressively through to these
modified creeks. With the steady and concentrated flow of water from the tributaries, the
sediment supply into the bays increased dramatically due to bank erosion. Connecting
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Curry Creek to the Myakka River also increased the sediment supply into the system
(Sarasota County Watershed Atlas, 2006).

Figure 6. Rainfall graph of the Dona and Roberts Bay area (graph courtesy of the Sarasota County Water
Atlas, 2006).

Other factors influencing the amount of sediment supplied into the system are the
biota that inhabits the area. Decomposition of organic material such as leaves, branches,
and root systems of mangrove mangals, and other estuarine organic material, contribute
to the finer grain-size portion of the sediment supply. Oyster shells and shell fragments
that are abundant in Dona and Roberts Bay contribute to the larger grain-size faction of
sediment. Land use is also a substantial determination of the amount of sediment input
into the system. Heightened development along the shorelines of estuaries increases the
sediment supply by the removal of vegetation, and the eventual erosion of the uplands.
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The bulk of the sediment found in the Dona and Roberts Bay estuary system is derived
from the erosion of ancient coastal dunes.
Restraining the transport of sediment into the open bays are many natural and
synthetic structures. Oyster beds are aligned perpendicular to both river discharge and
tidal flow. Mangrove mangals are abundant throughout the system, creating additional
natural structures, which influence the transport of sediment. The erection the railroad
tracks and Highway 41 has had a significant effect on the flow patterns of the system, and
therefore, the transport of sediment. These fabricated structures localize flow of water in
the upper regimes of the system, concentrating circulation through narrow junctures.
Figures 7 & 8 are aerial photos of the landward extent of Roberts Bay. These photos
depict areas where flow is concentrated, and exhibit the maturation of biota from 1999 to
2004 in the upper regions of the system. Maturation of biota, such as sinuous oyster bars
and mangrove mangals forms a barrier for sediment transport in which the sediment
becomes trapped before it is able to reach the bay.
On the landward side of Venice inlet, where the Dona, Roberts, and Lyons Bay
converge, is Turner Key. Turner Key is a man-made spoil island. Sediment dredged from
the deepening of the Intracoastal Waterway was deposited here to shelter the bays by
effectively blocking the incoming wave energy through Venice Inlet. The effect of this
was a limitation of the tidal influences entering and leaving the system. The net effects of
the constrictions, both natural and man-made, have created a “stilling basin”, an ideal
condition for the settling of suspended solids (Florida Sea Grant, 2006).
Prior to the investigation, a hypothesis was formulated regarding the
sedimentation patterns of the system. It was believed that recognizing a pattern of
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sediment characteristics would be spatially possible. Finer sediment, such as mud from
storm drainage, was thought to be found in the lower energy areas of the system, such as
the open bays and small low-velocity creeks that feed the main tributaries. Coarser
sediment, such as sand derived from the erosion of ancient coastal dunes, was believed to
be found in the higher-energy areas of the system, such as the main tributaries and near
Venice Inlet. Following data collection and analysis, the original hypothesis was found to
be overly simplistic. The effect of these structures has had a dramatic impact upon the
dynamics of the system. River discharge, tidal flow properties, and water level
fluctuations were all integrated into the examination of the sedimentation properties.

Figure 7. 1999 Color infrared aerial photo of upper Roberts Bay at high tide.
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Figure 8. 2004 Color infrared image of upper Roberts Bay depicting the maturation of the mangrove forest
in the center of the bay and around the artificial structures.
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Chapter 2
Methodology

Several methods were utilized in this study in order to understand the relationship
between the various controlling factors discussed earlier and the sediment characteristics
of the system. Surface sediment samples were collected to obtain sediment characteristics
of recent sedimentation in the various regimes of the system. Subsurface sediment
samples were collected, via vibracore techniques, in order to supply information on
sedimentation rates. Maps were created to allow for the facilitation of data interpretation.
A two-dimensional depth-averaged flow model was incorporated into the study to
examine the influence of natural and artificial structures on flow patterns throughout the
system. Remote sensing techniques, using time series aerial photos, were employed to
gain an understanding of the area involved in the development of event driven
sedimentation. Together, these methods provided an in-depth investigation into how the
flow patterns relate to the sedimentation characteristics of the system.

Surface Sediment Collection

Beginning in November of 2005, investigation into the sedimentation
properties of the various divisions of the estuary had begun. Using a shallow draft
pontoon boat, surface sediment sample were extracted from the bay and accompanying
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feeder creeks by method of grab sampling. A standard spring-action grab sampler was
utilized to collect approximately 200 grams of sediment. In total, 149 grab samples were
collected systematically to insure detailed coverage throughout the entire Dona and
Roberts Bay system (Figure 9). Samples were taken along transects across the creeks and
bays. Typically, three samples were collected from the narrow creeks, one closer to each
side of the banks, and one from the center of the channel. In wider areas, such as the bays
and the confluence of rivers, five samples were collected. The sampling transects are
roughly equally spaced along the rivers and bays. Time, location (Latitude & Longitude),
water depth, sample number, and any interesting or descriptive geological and biological
features of the area were recorded at the moment of sampling.

Figure 9. Grab sample and core locations extracted from the Dona and Roberts Bay estuary.
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The sediment samples were transported back to the University of South Florida
Coastal Research Laboratory in a cooler in order to preserve the integrity of the sample.
The samples were kept frozen until the time of analysis. The procedure for the analysis of
the surface sediment samples began with the splitting of the sample into two equal
portions, one for the analysis of grain-size composition and CaCO3 content in the sandsized fraction, and the other for organic concentration analysis. Standard sieving
procedures were followed to obtain the grain-size distribution of each sample
(Folk, 1980). Initially, wet sieving was conducted using a 4.0 ø stainless steel sieve to
remove the mud content from the sand and gravel. The extracted mud content was
collected, dried and weighed in order to acquire the mud content. The sand and gravel
portion was sieved at 0.25 ø intervals using brass sediment sieves and a mechanical
Rotap machine for a period of ten minutes for each sample. The standard logarithmic PHI
scale is defined as

PHI (ø) = -log2Dmm

where Dmm is the grain size in millimeters. Mean grain size, standard deviation,
skewness, and kurtosis were calculated using the standard moment method. The
logarithmic PHI (ø) scale was used for the statistical analysis (Folk, 1980).
Following the grain-size analysis on the sand-gravel portion of the sample, CaCO3
content was analyzed. The total weight was recorded prior to the samples being immersed
into a 5.0 M solution of HCl overnight to dissolve the carbonate fraction. The samples
were then dried and re-weighed providing the concentration of CaCO3 in the samples.
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With the second sample, split from the original, organic content was analyzed.
This was obtained by burning a representative fraction of the samples individually in a
550°C ceramic oven for 15 minutes. The samples were weighed before and after the
process. The difference in weight corresponded to the organic content in the sample.

Coring Procedure

In late November of 2005, the coring procedure had commenced. Twenty-nine
sediment cores were extracted from various areas of the system. It was our goal to collect
representative cores from every division of the system including; the rivers and tidal
creeks, the semi-enclosed bays, and the open bays (Figure 9). There were also specific
areas of interest where concentrated sediment core samples were extracted. One place in
particular was a shoal in upper Roberts Bay which is fed by Curry Creek (Figure 10).
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Figure 10. Core locations of upper Roberts Bay. Six cores were extracted on and around a shoal at the
mouth of Curry Creek.

Three-inch diameter aluminum pipes of various lengths were utilized in the
process. Coring was conducting using a platform pontoon boat (Figure 11). The shallow
draft pontoon boat allowed access very shallow locations. Vibracore drilling techniques
were employed in the extraction of the cores. Overall, 29 cores were obtained from the
system. Time, location, water depth and compaction were all measured in the field at the
moment of extraction. The cores were transferred back to the USF Coastal Research
Laboratory for analysis. The aluminum pipes containing the subsurface sediments were
cut in half using a circular saw to obtain two identical segments, one for the archive, and
one for sediment analysis. Immediately upon opening, the archive cores were

18

photographed in 40cm intervals at close range in order to retain stratigraphic and lithlogic
detail (figure 12). The photos were then blended together to create the full core length
using a software program known as Panorama Factory. The archive cores were then
bagged, sealed, and stored for future analysis (Figure 13).

Figure 11.Vibracore platform used to extract subsurface sediment cores from regions around the Dona and
Roberts Bay estuarine system.
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Figure 12. Photograph stage used to capture 40 cm interval photos of the core in order to retain detail.

Figure 13. Core rack holding the archived cores after photographing.

20

The designated sample cores were described according to lithology.
Approximately three to five samples were examined from each core depending on the
number of stratigraphic layers recognized and lithologic variation. Sedimentary layers
were identified based on lithology. Using the same procedure used on the surface
samples, grain-size analysis was completed on the various sediment samples recovered
from the cores. However, CaCO3 and organic content were not considered on the core
sediment samples. In total, ninety-one sediment samples were analyzed from the cores.

An Interactive GIS Database

Due to the considerable amount of data collected for this study, a GIS database
was established to maintain, manipulate, and display information in an organized manner.
The surface and subsurface sediment analysis locations were displayed on aerial
photographs of the study area using ESRI ArcMap GIS (9.2). Sedimentological data and
core photos with their descriptions were hyperlinked to Digital Ortho Quarter Quads
(DOQQ’s) of the study area in order to allow for facilitated access to the information on a
desired location (Figure 9). Sedimentological data can be viewed merely by selecting the
sample name. Detailed three-meter resolution color aerial photographs of the area were
acquired from the Land Boundary Information Systems (LABINS) for the database.
Establishing a database compiling the entire suite of sedimentological data was an
integral component of data analysis. A sediment map was created detailing the
sedimentological data of each designated sector of the study area. Results of the grain-
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size analysis and lithologic descriptions obtained from the cores were examined to form a
relationship between sample locations within each division of the system.

2-D Depth-Averaged Flow Model

In order to link the velocity of water flow with the sedimentation and erosion
patterns, a hydrodynamic model, using a program developed by the USACE Coastal
Inlets Research Program, known as the Coastal Modeling System (CMS 2-D), was
developed. The CMS 2-D is a depth-averaged 2-D circulation model broadly used in
simulating estuarine circulation. The governing Navier-Stokes equations were solved
using an explicit finite difference scheme (Wang et al., 2007). Generally speaking, the
model integrates tidal constituents, river discharge velocities, and bathymetry to calculate
current velocity. In 2004, the USF Coastal Research Laboratory performed a bathymetric
survey of Dona and Roberts Bay, including the feeder creeks (Figure 14). These data
were compiled into subsurface contour map of the area (Figure 15). This contour map,
along with additional data supplied by NOAA, is the basis for the grid used to run the
model. Each cell of the model represents a 15x15 m area within the bay.
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Figure 14. Bathymetric survey lines acquired by the USF Coastal Research Laboratory in 2004.
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A 15x15 m grid size was used in order to resolve the narrow waterways. A
considerable amount of the tidal flow through Venice Inlet is directed north, through the
Intracoastal Waterway, into Little Sarasota Bay. However, Little Sarasota Bay was not
included in the model grid due to the vast expanse of area incorporated with the bay. If it
had been included into the model substantially more time would have been needed in
order to create an extended grid. In addition, the time it would take to complete one run
would have made it too difficult to run the various scenarios. By not including Little
Sarasota Bay, the flow through Venice Inlet was under predicted. However, the reduced
modeling domain allowed much more flexibility in terms of manipulating the grid much
more freely. In addition, the effect of excluding Little Sarasota Bay is insignificant in the
computation of flow velocity in the area of interest.
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Figure 15. Bathymetry map implemented into the two-dimensional depth-averaged flow model.
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The data supplied by NOAA was in the form of light detecting and ranging
(LIDAR) data recovered approximately the same time as the bathymetric survey data was
completed. The LIDAR bathymetry was merely supplemental data for offshore areas not
covered by the survey conducted by the USF Coastal Research Laboratory. The survey
executed by the USF Coastal Research Laboratory covered the area from Venice Inlet to
the upper regions of the tributaries feeding the system. LIDAR data were implemented to
cover the area seaward of the inlet (Figure 16).

Figure 16. Screen shot of the grid used in the initial model of the Dona and Roberts Bay estuarine system.
Bathymetry for the grid was collected by the USF Coastal Research Laboratory in 2004. Supplemental
offshore bathymetry was supplied by NOAA LIDAR coverage also collected in 2004.
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Tidal constituents, obtained from the NOAA Gulf of Mexico tides website, were
input into the model (Figure 17), discharge values derived from average flow velocities,
calculated by the Sarasota County Watershed Atlas, were integrated for the fresh water
fluvial tributaries (Figure 18). Storm events were also considered in the process. For most
scenarios run with the model, normal discharge values were calculated at 0.5 m3/s and
flood level discharge were set to 1.0 m3/s. Each scenario was run over a two week springneap tidal cycle, or 300 hours in 1,440,000 time steps, with each time step encompassing
a 0.75 second interval.

Figure 17. Two week tidal cycle integrated into the model parameters (figure courtesy of the NOAA online
tides).

The objective of the model was to determine if a correlation could be made
between the flow velocity and sedimentation patterns within various sub-environments of
the system influenced by natural and anthropogenic structures. Several renditions of the
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2-D flow model were run to compare and contrast how the mangrove mangals and
sinuous oyster bars, that are aligned perpendicular to flow, affect flow velocities, and
therefore sedimentation patterns through various areas of the system. Bridges also span
parts of the estuary, usually in the narrowest segments. Although this is the most costeffective location for the bridges, it also seems to impose the greatest impact on flow
velocity. Removal of these man-made structures was also investigated in the modeling
scenarios.

Figure 18. Daily and historical flow average of the tributaries discharging into Dona and Roberts Bay
(Figure courtesy of the Sarasota County Water Atlas).

A total of four model scenarios were run on the system, each with varying
properties. The initial scenario was run with the estuary in its current condition, with all
natural and anthropogenic structures in place, to examine how currents react to their
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presence. The natural and anthropogenic obstructions were then removed in the second
scenario to examine flow velocity and direction without obstruction limitation. The third
scenario was run with all the natural and artificial barriers in place, except for the
exclusion of one natural barrier at the mouth of Curry Creek. This scenario was
investigated to examine fluvial input into the upper regions of Roberts Bay without
restriction. The forth model run was on the grid with all the natural and artificial
obstructions in place, but with increased discharge from the freshwater fluvial systems.
Normal discharge and flood level discharge were both doubled in this final version, from
0.5 m3/s during normal flow to 1.0 m3/s, and from 1.0 m3/s during storm flow to 2.0 m3/s.
The goal of the modeling effort is to gain an understanding of how the natural and
artificial structures that occupy the system affect the flow patterns in various areas of the
estuaries. A major advantage of the modeling is that it allows the examination of different
scenarios, such as the effect of the removal of various natural and anthropogenic
structures on flow patterns. The CMS 2-D model has been widely verified. Studies by
Wang et al., 2007, Buttolph et al., 2006, and Kraus and Militello, 1999, have integrated
the CMS 2-D model into various coastal research projects, and have found the data
reliable. Verifying the computed flow patterns is beyond the scope of this study.
However, field observations indicate that the computed flow agreed qualitatively.
Through field observations intensified flow was observed where flow is funneled under
the bridges of the roads and railroad tracks which span portions of the system. The same
intensified flow was calculated in the flow model. Flow was also observed being
deflected around natural obstructions in the system. Similar flow patterns were calculated
in the model scenarios as well.
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Remote Sensing Methods

Two remote sensing procedures were employed using ENVI 4.2 remote sensing
software. Multispectral color infrared Digital Orthographic Quarter Quads (DOQQ’s)
from the Land Boundary Information System (LABINS) were acquired for the process.
These aerial photos were taken from an elevation of approximately 9000 ft. for the years:
1995, 1999, and 2004. The aerial photos were examined in order to determine the rate
and direction of sediment migration of the ebb shoal delta in the upper regions of the
Roberts Bay. The DOQQ’s from 1995 and 1999 have three-meter resolution, while the
DOQQ from 2004 has one-meter resolution. The coordinate system is in UTM, with the
projected coordinate system NAD 83, UTM Zone 17N.
Using spectral and spatial profiles, the growth of the shoal at the base of Curry
Creek was determined. By evaluating the brightness values of the pixels associated with
the development of the shoal, an attempt was made to determine the rate of accumulation
and the area inundated by the sedimentation. Each type of land cover emits a distinctive
spectral signature, for instance, vegetation exhibits higher pixel brightness values on the
red to infrared portion of the spectrum because it absorbs light rays in the blue and green
spectrum. Land cover consisting of fine clean quartz sand emits high brightness values in
all three spectrums. Using this information, it is possible not only to acquire an area
covered by a specific type of land cover, but also, in some cases, the depth of an object
that is submerged. Using the brightness values of the pixels, it was possible to observe
the emergence of the sand body at the base of Curry Creek.
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In addition to the spectral profiles, three methods of supervised image
classification were utilized to measure the rate and extent of sediment accumulation. The
time series aerial photos from 1995, 1999, and 2004 were classified using three methods
of supervised classification systems. The Parallelpiped, Maximum Likelihood, and
Minimum Distance classification methods were used in the study. Five classes were set in
the training data file in order to achieve the desired information (Figure 19). Classes were
set for Mangrove mangals, field and agriculture (other vegetation), urban areas,
submerged sediment, and water. All methods worked very well in determining land cover
types, but some methods produced better results according to post classification statistics.

Figure 19. Example of the training class zones used in the 2004 supervised image classification schemes.

31

Supervised image classification involves the use of pixel brightness as well. In
order to use the supervised image classification, a training area for the image must be set.
In Figure 19, there are areas with different color segments highlighted from each area of
interest. These color segments tell the remote sensing program how to classify the each
pixel. Pixel values with similar pixel brightness (color) are grouped together. Sometimes
the selected areas are hard to distinguish; this is why three different methods of image
classification were used.
The first method, Parallelpiped, uses a simple decision rule to classify
multispectral data. The decision boundaries form an n-dimensional parallelepiped
classification in the image data space. The dimensions of the parallelepiped classification
are defined based upon a standard deviation threshold from the mean of each selected
class. If a pixel value lies above the low threshold and below the high threshold for all n
bands being classified, it is assigned to that class. If the pixel value falls in multiple
classes, ENVI assigns the pixel to the last class matched. Pixels that do not fall within
any of the parallelepiped classes are designated as unclassified (ENVI 4.2, 2005).
The second method, Minimum Distance, uses the mean vectors of each end
member and calculates the Euclidean distance from each unknown pixel to the mean
vector for each class. All pixels are classified to the nearest class unless a standard
deviation or distance threshold is specified, in which case some pixels may be
unclassified if they do not meet the selected criteria (ENVI 4.2, 2005).
The third method, Maximum Likelihood, assumes that the statistics for each class
in each band are normally distributed and calculates the probability that a given pixel
belongs to a specific class. Unless a probability threshold is selected, all pixels are
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classified. Each pixel is assigned to the class with the highest probability (ENVI 4.2,
2005).
Post classification statistics and a confusion matrix were produced for all the
images following classification. Overall Accuracy and Kappa coefficients were recorded
using the confusion matrix. Total number and relative percentage of pixels, and the total
area of the classes were calculated using the post classification statistics. The overall
accuracy is calculated by summing the number of pixels classified correctly and dividing
by the total number of pixels. The ground truth image, or ground truth regions of interest
(ROI’s), defines the true class of the pixels. The pixels classified correctly are found
along the diagonal of the confusion matrix table, which lists the number of pixels that
were classified into the correct ground truth class. The total number of pixels is the sum
of all the pixels in all the ground truth classes (ENVI 4.2, 2005).
The kappa coefficient (k) is another measure of the accuracy. It is calculated by
multiplying the total number of pixels in all the ground truth classes (N) by the sum of
the confusion matrix diagonals (Xkk), subtracting the sum of the ground truth pixels in a
class times the sum of the classified pixels in that class summed over all classes, and
dividing by the total number of pixels squared minus the sum of the ground truth pixels in
that class times the sum of the classified pixels in that class summed over all classes
(ENVI 4.2, 2005).
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Chapter 3
Previous Work

Research into the processes of estuaries and their associated components is very
diverse. Dalrymple et al. (1992) defines an estuary as the seaward portion of a drowned
valley system which receives sediment from both fluvial and marine sources and which
contains facies influenced by tide, wave and fluvial processes. The estuary is considered
to extend from the landward limit of tidal facies at its head to the seaward limit of coastal
facies at its mouth. Johannesson et al., (2000) notes that is necessary to extend the
definition by Dalrymple to include anthropogenic processes when applying it to harborestuaries. Obviously, these definitions are quite broad, but they must be due to the wide
diversity between each estuarine system.
Over history, the shorelines of bays and estuaries have been the choice locations
for people to build homes due to the beauty and ease of access to open water. Dona and
Roberts Bay is no exception. Approximately two-thirds of the shoreline around the Dona
and Roberts Bay Watershed is covered by human development (Sarasota, 2006).
Anthropogenic influences, such as housing developments, are believed to be the main
source of the recent sediment influx. Construction projects on the banks of Curry Creek
are believed to be dumping mass amounts of sediment into the upper reaches of the
system. Due to low flow velocity in the main tributaries leading into the bay, the
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sediment is not able to be transported until an episode of higher velocity discharge
occurs, which is predominantly brought on by storm events.
Natural and artificial influences play a significant role on morphological aspects
of estuarine sedimentation. Several studies have been conducted examining human
influence on the transformation of sedimentation patterns throughout coastal systems
around the world (Townend and Pethick, 2002, Johannesson et al.. 2000, Kitheka et al.,
2005). The building of dams, the deepening of harbors, and the erection roads across the
estuaries, among other things, have changed flow patterns of estuaries in dramatic
fashion. Biogenic influences on sedimentation, on the other hand, have not been very
well documented. Investigations of harbor-estuaries are poorly represented in the
geologic literature presumably because of the disturbances of the natural processes, the
complex sedimentation patterns, and the irregular physical geometries of these
environments (Johannesson, et al., 2000).

Processes of Estuarine Sedimentation

Some properties of sedimentation are common to all estuarine systems, while
others characteristics are site specific. Townend and Pethick (2002) show how bay
morphodynamics indicate a net ebb or flood directed sediment accumulation. In other
words, the shape of the bay determines if the system is ebb or flood dominated. The
speed at which the tidal wave propagates is strongly influenced by the relative depths of
the channel and inter-tidal areas. The difference induces an asymmetry in the tidal wave
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in which the duration and speeds of flood and ebb phases are different, creating a
difference in the import or export of sediment (Dronkers, 1986).
Cook et al. (2006) also examine how the fresh water-salt water interface affects
sedimentation with an estuarine environment. During heavy rain events, the interface was
pushed seaward. This caused an increase in suspended sediment further seaward as well.
This indicates that the discharge coming from fluvial systems relegates where suspended
sediment will settle. During the rainy season, there is an elevated level of fresh water
entering the system. Density differences increase flood currents in the deeper parts of an
estuarine cross-section, whereas they decrease flood currents in the shallow parts
(Dronkers, 1986). Van Maren, (2004) states that intratidal mixing is probably higher in
semidiurnal than in diurnal regimes, assuming that the vertical tidal amplitudes are the
same. This is mainly caused by the semidiurnal flow velocities being higher then the
diurnal flow velocities. The spring-neap tide entails permanent outflow conditions and
low mixing rates during neap tides, whereas spring tides are accompanied by more
vigorous mixing and oscillating flow (van Maren, 2004).
Uncles et al., (1993) built upon the work of Dronkers, (1986) and Dyer, (1995) by
investigating the effect of the fresh water-salt water interface by studying its relationship
to the tubidity maximum in the Tamar Estuary, UK. Periods of low fresh water intrusion
causes the interface to move far up river, whereas the mixing that occurs during periods
of high fresh water discharge causes heavy mixing in the upper regions of the estuary.
This mixing is when the turbidity maximum is the highest. The estuary displays transient
stratification which tends to be the strongest at the transition between the lower estuary
and the bay, especially following springtime freshwater pulses known as “freshets”

36

(Sharp et al, 1986).The mixing of salt water into the fresh water in the middle harbor
increases the ion concentration of the surface water, which enhances flocculation (Dyer,
1972).
Physical properties of an estuary seem to be an integral aspect of how and where
sedimentation occurs within a bay regime. In the case of Dona and Roberts Bay, these
physical properties make sedimentation investigations very difficult to pinpoint. The
Dona and Roberts Bay estuary system has undergone many changes, both natural and
anthropogenic. Bridges and dams have been built, canals have been lengthened and
deepened, and vegetation has matured in the area. All of these factors contribute to the
sedimentation pattern and characteristics of the system in a complicated manner.

Storm Derived Sedimentation

The occurrence of storm events in coastal estuarine systems undoubtedly
increases the amount of sediment transport, predominantly in the seaward direction. Such
is the case with Dona and Roberts Bay estuarine. At the base of curry creek, where it
discharges into the upper region of Roberts Bay, a shoal has formed. Lobes of sediment
form distinctive tongues, which overlap prior storm deposits. According to eyewitness
accounts, the shoal has developed quite rapidly. It is now aerially exposed, even at high
tide. Several studies have investigated the effects of storm events on sedimentation
characteristics, and all have shown that storm events produce at least some net deposition
in the seaward direction. Results from a study by Lee et al., (2006) illustrate that even the
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strongest flood tidal current in the area of the Korean Straight affects sediment transport
less than the fluvial discharge entering the bay.
A study conducted by De Hass and Eisma, (1993) explains how storm events
suspend sediment that would not normally be suspended during normal fluvial or tidal
flows. However, the study also shows that the sediment, which is mostly fine-gained silts
and clays with a heavy organic content, is easily resuspended by the normal tidal currents
resulting in only a small net seaward sediment transport.
A study conducted on the Richmond River Estuary in Australia demonstrates that
seventy-two to ninety-five percent of the total annual suspended sediment load was
deposited immediately following one or two extreme flood events (Hossain et al., 2001).
It also confirms that sedimentation during none storm events is essentially negligible.
Sediment transported from fluvial systems is approximately equal to the sediment that is
transported into the system from the continental shelf by tidal currents. Adams et al.,
(1997) explains how even a slight increase in current velocity, particularly associated
with cold fronts or storm events, can significantly increase the volume of suspended
sediment in the water column. It also exhibits how factors such as wind, bathymetry and
sediment supply control the magnitude of transport. Cook et al. (2007) describes the
movement of fine-grained sediment from non-tidal river reaches as a discontinuous
process characterized by punctuated transport, storage and remobilization.
All of the studies presented above agree that storm-driven events are the principal
cause of extreme sediment pulses entering an estuary system. Sediment suspended during
normal flow velocities of fluvial systems and tidal fluctuations are sufficient to carry fine,

38

silt-sized sediment. In order for sand-sized particles to be transported, elevated flow
velocities are necessary. This is evident in the Dona and Roberts Bay estuary as well.

Biological Influences on Sediment Transport

Biogenic influences on sediment transport can significantly alter sediment
transport and accumulation throughout an estuarine system. Populations of benthic
organisms can affect erosion and deposition of sediment through bioturbation (Wood and
Widdows, 2002). Commonly, in Florida estuaries, oysters and mangroves align
themselves perpendicular to flow in order to filter sufficient nutrients from coastal
estuaries and fluvial deposits. Algal mats can physically shield sediment from erosion by
altering the cohesiveness of the substrate. It can also decrease viscosity, which in turn
increases flow velocities (Wood and Widdows, 2002).
The greatest expanses of mangrove forests are found associated with river deltas
(Thom, 1982). Mangrove forests are valuable natural resources as they are home to both a
wide variety of marine and terrestrial life, protect against coastal flooding and erosion,
and act as a nutrient and pollutant filter (Alongi, 1998). In the past it was suggested that
mangroves “claim land from the sea” (Vaughan, 1909 and Stephens, 1962). More
recently, it is accepted widely that mangroves follow sedimentation (Woodroffe, 1992).
Most studies agree that mangroves play only a small role in the trapping of
sediment in an estuarine system (Furukawa et al., 1997 and Wolanski et al., (1998).
However, there are several studies that have concluded that at least some increase in
sedimentation occurs due to mangrove colonization (Van Santen et al., 2007, and
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Quartel et al., 2006). Despite the widespread occurrence of these tropical coastal
environments and their reported ability to promote sedimentation, few studies have
described their sedimentology in detail and quantified rates of sediment accumulation,
particularly in areas associated with rivers (Walsh and Nittouer, 2004).
Studies of the effect of sedimentation due to the presence of mangrove forests are
highly variable. There is a question about whether mangroves promote accretion, or
actually enhance erosion. Quantitative descriptions of current reduction by mangroves
and the related increase in sedimentation are scarce (Augustinus, 1995 and Van Santen,
2007). From a stratigraphic aspect, it seems as though mangroves not only promote
accretion but also produce sediment. Cores extracted from the study area exhibit thick
layers of organic sediment. Decomposition of plant material is one of the primary sources
of sediment in the Dona and Roberts Bay estuarine system.
Mangroves are tidal forest ecosystems in sheltered saline to brackish
environments. They are generally known to favor deposition. The dense and rigid
network of stems, branches and aerial roots causes increased bottom roughness that result
in the reduction of currents and attenuation of waves (Figure 20) (Quartel et al., 2006). A
study conducted by Van Santen et al. (2007) showed that pioneering mangroves exhibited
higher sedimentation rates than the surrounding environment, but established mangroves
actually exhibited a net loss of sediment. Furukawa et al., (1997) and Wolanski et al.,
(1998) also reported selective trapping of fine sediment by mangroves. Scoffin (1970)
observed a decrease in current velocity of 0.4m/s to zero in a distance of one meter,
caused by prop roots of Rhizophora, or red mangroves. Wolanski (1992) conducted an
experiment to determine how mangrove roots effect sedimentation, and found that flow
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velocity in the open channel is about 1.0 m/s, whereas the flow velocity through
mangroves never exceeded 0.07 m/s. Van Santen (2007) found similar results in the Ba
Lat Estuary in Vietnam.

Figure 20. Step up in elevation of the estuary floor as a result of sediment trapping by the root network
system in the mangrove swamps.

Other studies have shown that deposition in the bare mud flats, adjacent to
mangrove forests, is higher than the sediment accumulation in the mangrove environment
itself, however, erosion of sediment on the mudflats is also higher whereas erosion in
vegetated areas is subdued (Van Santen, 2007). The effect of bioturbation in the mud flats
is thought to be a major reason for the increased erosion potential. The sediment type also
is a determining factor in erosion potential. The sediments and geomorphology of the
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intertidal area depends upon sediment supply, tidal range, wave climate and other factors
(Eisma, 1998).
A study by Kitheka et al., (2003) exhibits that periods of high sediment supply,
such as storm events and elevated tide levels causes degradation among the mangrove
environment. The increased sediment load actually suffocates the organism by blocking
the breathing roots. The evolution of mangrove substrate elevation is determined by
several parameters that may be summarized by the relationship between sediment supply
and sediment accommodation (Anthony, 2004). Mangroves are remarkable in their ability
to colonize a wide range of substrates (Woodroffe, 1992). However, in order to be
successful over time, they must be able to keep pace with sea level rise (Walsh and
Nittrouer, 2004).
Examinations into the effect of biota on sedimentation are highly variable. This
discrepancy seems to be derived from bay morphodynamics. Biological inhabitance
depends upon the physical properties of the bay, such as current velocity, depth, and
geometry. The biota in Dona and Roberts Bay, such as mangrove mangals and sinuous
oyster bars, align themselves perpendicular to flow, which decreases flow velocity. This
in turn increases sedimentation by allowing finer particles to settle. One area of particular
importance is a shoal at the base of Curry Creek where fine sand, derived from ancient
coastal dunes, has accumulated over a relatively short span of time. Distinct lobes of
sediment have continued to accumulate directly in front of a line of oysters and
mangroves. This line of biota decreases flow velocities quite rapidly, forming a barrier
for sediment transport into the open regions of the bay.

42

Anthropogenic Influences on Sediment Transport

A study conducted by Johannesson et al. (2000) exhibits the vast effects of
anthropogenic influences on estuary morphology. Research conducted in the Gota alv
estuary, also the largest port in the Nordic countries, shows how the influence of manmade structures and practices interferes with and affects sedimentation throughout the
system. The suspension of sediment in the system is dominated by anthropogenic
influences. Ship traffic, dredging, and bank modification and protection magnify the
natural processes of tidal fluctuations and bioturbation, causing an elevated amount of
sediment in suspension. This study also discuses how anthropogenic influences, such as
dredging, increases sedimentation through flocculation.
In a study conducted by Kitheka et al. (2005) the effect of anthropogenic
influences on sediment transport are examined. In the Tana estuary, on the Kenya coast,
an investigation into suspended sediment load was conducted before and after the
erection of a dam. This dam was built to provide hydroelectric power for the area. The
study indicates that the suspended sediment load was much lower after the completion of
the dam. However, poor land use seaward of the dam has now caused an increase in
sedimentation during the spring rainy season.
It is obvious that anthropogenic influences play an enormous role of how
sedimentation patterns occur in an estuary system. Modifications to the natural processes
of an estuary can dramatically change flow patterns and sediment characteristics of a
system. The roads and railroad tracks, which span the narrowest portions of the estuary,
have concentrated flow through a very small area, while limiting flow in areas adjacent to
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the structures. Dams built on the tributaries have influenced sedimentation properties, and
development along the banks has introduced new sediment sources into the regime. All of
these factors contribute to the sediment properties and characteristics of the system.

Hydrodynamic Modeling in Estuarine Environments

Flow models are excellent methods used to gain an understanding of the flow
dynamics and sediment transport within an estuarine system. Quantifying flow velocities,
and the amount of sediment relocated by those currents, can be very difficult or even
impossible to ascertain in a highly dynamic estuarine system. The introduction of
processes that affect these flow velocities, such as natural and artificial structures,
increases the variability of these experiments.
In a study by Wood and Widdows (2002), attempts were made to answer the
question of how important biotic effects on sediment transport over an entire tidal period,
compared to the importance of tidal forcing and external sediment supply. Many
experiments have confirmed that benthic animals can affect sediment deposition and
erosion (Wood and Widdows, 2002). The results of the study determine that erosion
brought on by biotic interjection was observed on the flat open estuary, but accretion,
with the same model parameters were recognized on the banks and vegetated areas.
Ganju et al., (2004) conducted an experiment to study the sediment transport of a
coastal estuarine system in which many channels converge and empty fluvial deposits
into a common bay. Results from the experiment reveal that elevated tidal or fluvial
velocities are necessary in order to transport large amounts of sediment. The shear stress

44

caused by the oscillating motion of the currents is necessary to mobilize cohesive silts
and clays common to estuarine systems. According to Ganju et al., (2004) a microtidal
estuary, such as Dona and Roberts bay, with lower current velocities would be considered
to favor deposition and not erosion.
Current velocity is not the property that determines sedimentation rates and
patterns throughout a system as indicated by a study conducted by Townend and Pethick
in 2002. They suggest that bay morphodynamics play a substantial role in determining
how an estuary reacts to increased flow velocities. The shape, depth, and presence or
absence of vegetation is the determining factors in understanding the sediment
characteristics of the system. A study conducted on typical estuaries within the United
States demonstrated that flood tide dominance was dependent on the ratio between the
tidal range and water depth. Ebb tide dominance is influenced by the volume of storage
over the inter-tidal zone as a proportion of the carrying capacity of the main channel
(Freidrichs and Aubrey, 1988). Another objective of the study by Freidrichs and Aubrey
was to model an estuary’s response to sea level rise. Estuaries are believed to adapt to
current levels of sea level rise. It is suggested that a process called “rollover” occurs
within an estuary system in response to a rapid increase in sea level. Rollover is when the
estuarine system adjusts to maintain its form by migrating landward (Townend and
Pethick, 2002).
Another model study conducted by Spearman et al., (1998) was introduced to
show how artificial (anthropogenic) barriers modify estuary sedimentation, causing
increased siltation. Several modifications, called training wall adjustments, to the flow
model were made to simulate anthropogenic influences on estuary dynamics. Bridges,
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seawall, dams etc. were implemented into the model to demonstrate how the structures
would either instigate erosion or promote accretion.
The above study is quite pertinent to the scope of research conducted in Dona and
Roberts Bay. Many structures, both natural and artificial, are oriented perpendicular to
flow throughout the system. Features such as sinuous oyster bars, mangrove forests,
dams, and bridges all have an effect on the hydrodynamics of the system. The modeling
aspect of this study was incorporated to verify the observed characteristics of Dona and
Roberts Bay. It was also implemented in order to observe flow patterns with an estuary
with manipulated geometry and features.

Applications of Remote Sensing

Using aspects of spectral data in the form of a series of Digital Orthographic
Quarter Quads (DOQQ’s), it is possible to calculate the extent and time of sediment
deposition. Spectral analysis of coastal areas is a rapidly growing tool for the calculation
and monitoring of various aspects of science. Access to spectral data are easier to acquire,
and therefore, becoming more widely used. Acquiring quantitative data from satellite and
aerial photos is a proficient method when data collected in the field are difficult to
acquire.
Rainey et. al. (2003) utilized remote sensing techniques to monitor grain size
distribution in the Ribble Estuary in Lancashire, UK. The Daedalus 1268 Airborne
Thematic Mapper (ATM) was the platform used to collect the data. A short-wave infrared
band was necessary in order to detect the differences in suspended sediments within the
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water column. Land use change was monitored over a twenty-year period (1978-1998) in
Lingding Bay, part of the Pearl River Estuary of South China, in order to determine the
effects of anthropogenic influences on the health of highly urbanized estuary system.
Environmental changes in the estuary were analyzed by monitoring the dynamic coastal
variations and processes (Chen, 2004). The study found that urban areas and reclamation
land increased remarkably from 1988 to 1998, while cropland decreased.
Van der Wal et. al., (2005) examined the texture of sediment by investigating
surface roughness through a backscatter model, where fine-grained sediment emitted less
backscatter than did coarse-grained sediment. Therefore, an area of the bay dominated by
fine-grained sediment would have a distinct spectral signature. Optical remote sensing
was initially used to monitor sediment distribution throughout the bay, but microwave
satellite remote sensing turned out to be much more reliable. The study demonstrated that
surface characteristics on intertidal flats, such as surface roughness and sediment texture,
can be mapped using Synthetic Aperture Radar imagery.
Doxaran et. al., (2004) used remote sensing to examine the turbidity of an estuary
system. Using the color of the water, he was able to determine the amount of sediment
and organic components suspended within the Tamar estuarine waters in southern UK.
They used band ratioing between the near infrared and visible bands to form a
relationship between the turbidity and the suspended sediments in the estuary system.
All the above studies mentioned utilized remote sensing in a similar way to which
the tool was integrated into this study, however, in a much more localized fashion. This
study focuses on the rate of sedimentation over a shoal at the base of Curry Creek, which
discharges into Roberts Bay. One study that is very similar to the research conducted on
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Dona and Roberts Bay is a study on the morphodynamics of sand bars along the beach in
southwest France. Lafon et. al. (2004) devised a plan to use remote sensing to track the
movement of offshore sand deposits. Over a period of 14 years, 16 Spot images were
obtained. These images were used to monitor the shape of the sand body, and the
direction in which it moved. Although the geographic setting may not be similar, the
scope of the project is.
Remote sensing techniques incorporated into the Dona and Roberts Bay system
monitored the migration and accumulation of sediment, which is predominantly sandsized particles, over a span of approximately 11 years from 1995-2006. Remote sensing
techniques allow derivation of quantitative results from visual data. Because it is very
difficult to obtain quantitative data in the field, when it come to calculating the area
involved, remote sensing tools are very useful in this capacity.
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Chapter 4
Results & Discussion

Several methods were utilized in this study to determine how natural and
anthropogenic factors influence flow velocities and sedimentation patterns throughout the
Dona and Roberts Bay estuarine system. This chapter discusses the findings of these
methods. Detailed explanation of the surface sediment samples is discussed in accordance
to their location in the estuary. Subsurface sediment sample properties will be revealed
according to stratigraphic lithology, acquired from vibracore procedures. Interpretation
of, and a comparison between the multiple scenarios of the 2-D depth-averaged flow
model will be rendered. Results from the remote sensing techniques used in the study will
be discussed and explained.

Surface Sediment Characteristics

Distribution of surface sediment characteristics is quite complicated in Dona and
Roberts Bay, and is controlled by several factors including; sediment supply, variations in
hydrodynamic processes, and the artificial and natural structures that occupy the system.
Analysis of the sediment samples reveals that there is no simple and obvious trend in
grain-size distribution throughout the system. The initial hypothesis was moderately
straightforward. It was hypothesized that we would find larger mean grain sizes in the
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upper regions of the system and at Venice Inlet, where flow velocities are higher due to
discharge from the limited fresh water fluvial systems, and concentrated tidal flow from
the only inlet into the system. However, after completion of the laboratory analysis, the
processes controlling the distribution of surface sediment characteristics were found to be
much more complex.
Due to the lack of a general spatial trend in sediment characteristics, data
collected from the system were divided according to five geographic regions in order to
describe the sediment properties (Figure 21). Sediment characteristics such as mean
grain-size, organic content, and CaCO3 content were compared to generate a trend within
specific areas of the system (Table 1).

Figure 21. Aerial Photo of the study area depicting the division of the study area into five sectors in order to
describe the sediment properties.
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Table 1. Table associated with Figure 21, depicting areas of correlated surface sediment characteristics.

Generally, the Dona and Roberts Bay estuary exhibits three sediment types, based
on particle size and organic content. The first type is muddy sediment from storm
drainage systems. This type of sediment tends to concentrate in the canals and lowenergy creeks that feed into the main tributaries. A large portion of this sediment type
consists of organic material, derived from the decomposition of vegetation. Regional
distribution of this type of sediment is limited to heavily developed areas with relatively
low energy (Figure 22). The sediment consists of mostly fine sediment of silt and claysized particles. It is evident from table 2 that there is a much higher mud and organic
content in the main extent of Roberts Bay then there is in Dona Bay. One possible
explanation for the decrease in mud and organics in Dona Bay is the fact that the main
tributary of Dona Bay, Shakett Creek, is dammed upstream. Generally, dams act as a
sediment trap restricting sedimentation downstream.
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Figure 22. Example of grain-size analysis data derived from surface sediment samples. This is
representative of a sample extracted from a location with very little flow velocity as indicated by the high
mud percentage and high organic content found in the sample.
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The second type of sediment is fine quartz sand, which is derived from the
erosion of ancient coastal dunes. Quartz sand encompasses the bulk of the sediment
found in the Dona and Roberts Bay estuarine system (Figure 23). Clean quartz sand, with
low mud and organic content, can be found in shallow areas surrounding oyster bars in
the open bay. Wave action seems to intensify in the shallow open bays. Clean sand can
also be found in areas with stronger flow, such as the confluence of two river branches or
where flow is funneled through a constricted opening, such the underpass of Highway 41
(Figure 1). Clean quartz sand typically exhibits the morphological form of a point bar,
such as the shoal at the base of Curry Creek (Figure 24).
The third type of sediment found in the system is of biological origin. Oyster
shells and shell fragments are abundant in the open areas of the bay. Much of the floor in
the upper regions of the open bay are covered with a dense layer of oysters and shell
debris. These shells are usually quite large and comprise the gravel fraction of sediment
in the grain-size analyses (Figure 25). Organic mud is also quite abundant throughout the
system. Highly organic mud is found where flow velocity is low. Although organic mud
is quite cohesive, bioturbation reworks the sediment, which causes resuspension of the
sediment. Populations of benthic animals can affect erosion and deposition of particles
actively (through bioturbation and biodeposition) and passively (by altering sediment
characteristics) (Wood and Widdows, 2002).
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Figure 23. Example of grain-size analysis data derived from surface sediment samples. This is
representative of a sample extracted from the center of a freshwater fluvial channel with sufficient velocity
to wash away finer mud-sized particles.
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Figure 24. Lateral view of the emerging sand body in the form of shoal at the base of Curry Creek.

55

Figure 25. Example of grain-size analysis data derived from surface sediment samples. This represents a
sample with abundant oyster shells and shell hash, as indicated by the high gravel percentage.
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Overall, recognizing a general spatial pattern in grain size distribution throughout
the system is quite difficult. It is true that areas with higher flow velocities exhibit larger
mean grain sizes, but recognizing flow velocity is difficult due to the natural and
anthropogenic obstructions. The sinuous oyster bars and mangrove populations provide a
natural obstruction by aligning themselves perpendicular to flow. Highways and railroad
tracks, which are also aligned perpendicular to flow, create artificial barriers that limit
flow to localized zones.
Surface sediment samples collected from the upper regions of Dona and Roberts
Bays exhibit high organic mud content. The upper regions of Dona and Roberts Bays are
separated from the main extent of the bays by Highway 41, which extends across the bay
at its narrowest point, perpendicular to flow. From aerial photos it seems as though there
is a distinctive difference between sediment types from each side of Highway 41
(Figure 26). From the grain size analyses of the adjacent locations, there does not seem to
be much difference between the two environments. Both areas consist predominantly of
muddy sand, with the fringes of the estuary largely inhabited by oysters. Sample
locations close to the underpass of the highway exhibit a high sand fraction, and directly
under the bridges there is virtually no unconsolidated sediment overlying the limestone
bedrock. Flow is strong through this area, and sediment is transported to other areas of
the system. Oysters are unable to anchor themselves to hard structures, and mangrove
seeds are unable to take root.
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Figure 26. Aerial photograph of the upper regions of Dona and Roberts Bays. The color difference on either
side of Highway 41 is noticeable, but the sediment characteristics are similar.

In the freshwater fluvial systems of both Curry Creek and Shakett Creek, three
surface sediment samples were extracted. One sample was collected from the center of
the channel and one on either bank. Results of the sediment analysis determined that the
fluvial systems have slightly higher mud content on the banks of the creek than in the
center of the channel. This variation was experienced in virtually every transect collected
from the fluvial system. Overall, sediment grain size in the fluvial channels is
predominantly muddy fine sand.
Where Dona and Roberts Bay converge, close to Venice Inlet, sediment
characteristics are also quite variable (Figure 27). Transects of sediment sample locations
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reveal no general trend. In many samples there exists a large gravel content attributed to
abundant oysters in the area. Directly adjacent to the oyster bars sediment consisting of
predominantly fine quartz sand was found. In most places, tidal flow within the Dona and
Roberts bay system is believed to be quite low, as computed by the numerical model.

Figure 27. Aerial photo of the location where the separated Dona and Roberts Bays converge close to
Venice Inlet.

Core Analysis and Subsurface Sediment Characteristics

Cores extracted from Curry Creek, which discharges into Roberts Bay, exhibit
interbedded layers of mud and sand with bioturbation throughout. The bioturbation
indicates that the sedimentation is rather slow allowing for clams and crabs that inhabit
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the environment to disrupt nearly all the physical sedimentary structures. Contacts
between units are quite sharp, indicating that higher flow velocities, brought on by storm
events, scour the channels and deposit the suspended sediment into the open bay. Several
lag deposits, consisting of large shell fragments, are found throughout the cores. This
possibly signifies that flow velocities were not strong enough to transport large, gravelsized fractions (Figure 28). Thick sand layers are found at various depths in many of the
cores extracted from the fluvial systems and intertidal areas. This is believed to be a
consequence of both sediment supply and increased flow velocities depositing large
amounts of sediment during storm events.
Many cores exhibit extremely high biotic activity. Bivalves consisting of clams
and oysters are found throughout entire core lengths, and Gastropods are also abundant.
Bioturbation is highly evident in every core. Vertical worm tubes cross horizontally
laminated bedding, and laminar and flaser bedding is masked by burrowing clams and
crabs. In the upper regions of the system, burrows are predominantly infilled with dark,
organic mud. In the lower, open expanses of the bay, the burrows are infilled
predominantly by clean quartz sand.
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Figure 28. Core extracted from the Curry Creek fluvial system, which discharges into Roberts Bay. The
core exhibits interbedded sequences of sand and mud with thick horizons of concentrated oyster shell
fragments indicative of a lag deposit. The red lines indicate the depth at which sediment samples were
taken.

Cores extracted from Shakett Creek, which discharges into Dona Bay, exhibit
similar features to the cores extracted from Curry Creek. However, at almost every core
location of Shakett Creek, the base rock (limestone) was penetrated (Figure 29). This is
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believed to be a result of less overlying sediment above the bedrock due to fairly recent
dredging of the channel. Interbedded layers of sand and mud dominate the cores with
large whole and fragmented bivalve shells distributed throughout.

Figure 29. Example of a core extracted from Shakett Creek. Coring terminated in the Arcadia Formation,
Hawthorn Group Limestone at 214cm.
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In the open bay, where Dona and Roberts Bay converge, the lithology is
predominantly muddy sand. Heavy bioturbation is evident, but with less organic matter.
Burrows are infilled mainly by clean, fine quartz sand, whereas the burrows landward of
highway 41 are infilled mainly by dark, organic mud. There is heavy concentration of
bivalves in many of the cores, and the abundance of Foraminifera also increases seaward.
Bedding is very difficult to discern, but relict horizontal laminations are evident in some
places.
Twenty-nine cores in total were extracted from the Dona and Roberts Bay
Estuary, six of which were located on and around the shoal developing at the base of
Curry Creek. The bulk of the cores from Dona and Roberts Bay demonstrate typical
sedimentological characteristics of an estuarine system, with interbedded sand and mud
layers, intense bioturbation, and marine fossils. Cores one through four, extracted from
the top of the shoal, exhibit two to three pulses of massively bedded, clean, fine quartz
sand separated by thinly laminated mud layers indicated by the red lines (Figure 30).
These massive deposits of relatively clean sand are believed to be a result of substantial
flooding events through Curry Creek. Cores five and six were extracted along the subtidal
fringe of the shoal. These cores exhibit common estuarine stratigraphy, with no massive
sand layers. Based on the lithological characteristics of the six sediment cores, it is
determined that the sediment over the shoal was deposited rapidly, driven by flooding
events. Deposition of the shoal directly at the base of Curry Creek is also believed to be a
result of the reduction of current velocity by the sinuous oyster bars and mangrove
populations aligned perpendicular to flow (Figure 1).
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Figure 30. Cores 1-6 extracted from or adjacent to the shoal at the mouth of Curry Creek. Cores 1-4 were
taken on the shoal and indicate pulses of heavy sedimentation brought on by storm related flooding events.
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Detailed correlation of the stratigraphy from the cores is difficult due to
significant spatial variation of sediment characteristics. Much like the surface sediment
characteristics, the subsurface sediment characteristics are highly variable. Surface
sediment properties do give hints on what to expect at depth, but the highly dynamic
estuary, in terms of sedimentation characteristics, does not permit an obvious linkage of
individual lithologic layers. However, cores extracted on the shoal at the base of Curry
Creek do allow for general correlation. The center of the shoal exhibits the thickest layer
of clean quartz sand, represented by three pulses of sediment (Figure 30, Core 1). Toward
the fringes of the shoal, the sand layer pinches out, and only one to two heavy
sedimentation sequences are measurable (Figure 30, Cores 2-4). From the core data, and
comparing aerial photos from the past ten years, it is evident that substantial flooding
events through Curry Creek are the mechanisms for the deposition of this sediment.
Development and maturation of the mangrove mangals and oyster bars are also believed
to be a factor in the placement of the shoal. These biological organisms inhabit an area
directly at the base of Curry Creek (Figures 1, 18). They reduce and redirect current
velocity significantly. This reduction in velocity traps the sediment carried by the flood
events causing the shoal to form. To gain a better understanding of the processes
pertaining to flow patterns of the system, a flow model was integrated into the study, as
discussed in the flowing section.
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Modeling the Interaction of Flow with Natural and Anthropogenic Structures

In order to gain an understanding of how the various natural and anthropogenic
structures that are contained in Dona and Roberts Bay influences the water flow patterns,
a two-dimensional, depth-averaged, hydrodynamic flow model was developed. The flow
model incorporates user specified information, which is highly flexible, allowing for the
investigation of various scenarios. These scenarios included the investigation into the
flow patterns with and without anthropogenic influences, such as dams and roads, or
natural influences, such as the development and maturation of biological organisms.
Several renditions of the 2-D flow model were run to compare and contrast the flow
dynamics and sedimentation patterns affected by the natural and artificial structures that
occupy the Dona and Roberts Bay estuary.
A total of four scenarios were run on the system, each with varying properties.
The first flow model was run on the estuary in its natural state. Natural and anthropogenic
obstructions were kept in their existing location to examine how currents react to their
presence. The obstructions were then removed in the second version to examine flow
without the obstructions. A third was run with all the natural and artificial barriers in
place, except for the line of mangroves and oysters at the base of Curry Creek. The forth
model was run with increased discharge from the freshwater fluvial systems. Discharge
was doubled in this final version.
With the obstructions in place, like they are today, flow is limited and redirected
around the structures (Figures 31-34). The natural and anthropogenic structures reduce
current velocities in many places, and concentrate flow in others. The model revealed
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extremely high current velocities through the railroad track and highway overpasses.
Tidal and river currents are forced through a very small area, causing a funnel-like flow
which scours the estuary floor. In the scoured areas there is no sediment overlying the
bedrock as flow velocities are so high the sediment is transported into the open bay areas,
predominantly in the down stream direction due to fluvial input.
In upper Roberts Bay, the mangrove mangals and sinuous oyster bars, which are
aligned perpendicular to flow, reduce currents and redirect flow around the structures.
Wolanski et al. (1980) developed a two-dimensional depth-integrated numerical model
known as 2DSWAMP. This model was developed to model flow through mangrove
creeks. The model showed that mangrove creeks experience an asymmetry in the tidal
current structure due to vegetation induced friction in mangrove reaches. Although this
study was incorporated to study the effect of fringing mangroves, it was still useful to
demonstrate how vegetation influences flow in various ways. A study conducted by Wu
et al. (2001) used a two-dimensional model depth-integrated mathematical model to study
the influence of both vegetation resistance and the reduction of current in the crosssectional area of flow by the mangrove trees. It was found that mangrove trees have a
significant impact on the hydrodynamic and flushing processes in mangrove forests. It
was determined that the mangroves reduce current velocity on the fringes of the creek,
but actually increase flow velocity toward the center of the creek.
The model run on the Dona and Roberts Bay estuary did not distinguish the
different drag forcing over different substrates, however, the model did exhibit altered
flow patterns due to the obstructions. The redirection of flow around the structures
intensified flow in some areas, and reduced flow in others (Figures 33 & 34).
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Figure 31. Ebb flow through the railroad track in Dona Bay in its natural state. Notice the high flow
velocity in the center of the channel due to constriction of the passage.

Figure 32. Flood flow through the railroad tracks in Dona Bay in its natural state. Flood flow is reduced due
to discharge from the freshwater fluvial system.
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Figure 33. Ebb flow through the railroad tracks on Roberts Bay in its natural state. Again, notice the
increased flow velocity through the constricted area.

Figure 34. Flood flow through the railroad tracks on Roberts Bay in its natural state.
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The second version of the model investigated the flow patterns of the system
without the natural and some anthropogenic obstructions in place. Railroad tracks, roads,
mangrove mangals, and sinuous oyster bars were “removed” from the system to reveal
how flow patterns react with the omission of these features. The result was a more evenly
distributed flow pattern, with no redirection or concentration of flow
(Figure 35). Overall flow velocity was generally lower throughout the system, and flow
direction was unobstructed and relatively constant (Figures 35, 36).
The absence of the structure also reduced flow through areas that are funnel by
the natural geometry of the system. In the first scenario, where all the natural and
anthropogenic are in place, the maximum flow velocity underneath Highway 41
Calculated by the model reached .89 m/s. In the second scenario, where all the structures
were removed, the maximum flow velocity measured by the model was approximately
.77 m/s. It is believed that the reason for the increase of current velocity is due to flow
being redirected and funneled by the natural and anthropogenic structures. The structures
cause flow to condense through the railroad tracks, which in turn keep flow concentrated
to the center of the channel.
With the obstructions removed from the system, flow in the upper regions of the
system is largely weak. The lack of structures allows for the dispersion and limitation of
currents. With the structures in place, flow must be redirected around the structures and
form eddies on the landward extent of the obstructions (Figures 33 & 37). The deposition
of the sediment at the base of Curry Creek is a matter of increased discharge during
flooding events from the freshwater fluvial sources, but the obstructions in the estuary
control the sediment transport upon reaching the intertidal zone.
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Figure 35. Still image of upper Roberts Bay with all of the natural and most of the anthropogenic structures
removed during flood flow. The constriction towards the left of the screen is land fill deposited into the bay
during the construction of Highway 41.

Figure 36. Still image of upper Roberts Bay with the natural and anthropogenic obstructions removed
during ebb flow.
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The third scenario examined in the flow modeling was the investigation of flow
patterns without the sinuous oyster bar and mangrove trees at the base of Curry Creek,
but with all other structures in place (Figures 37, 38). This scenario was run to examine
the effect of flow through the bridges without any natural obstructions. Normal flow
velocities from the discharge of the fluvial systems and tidal constituents were used in
these first three scenarios. In the first run, with all natural structures in place, flow
velocity through the railroad track in upper Roberts Bay reached 1.78 m/s in the
downstream direction. With the natural obstructions removed from the base of Curry
Creek the maximum ebb flow velocity through the railroad tracks in upper Roberts Bay
only reached .90 m/s.

Figure 37. Ebb flow through the railroad tracks in the upper regions of Roberts Bay with the sinuous oyster
bars and mangrove mangals at the base of Curry Creek removed.
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Figure 38. Flood flow through the railroad tracks in the upper regions of Roberts Bay with the sinuous
oyster bars and mangrove mangals at the base of Curry Creek removed.

The last scenario examined in the flow model was an investigation into elevated
discharge values from the fluvial systems. Normal discharge was elevated from 0.5 m3/s
to 1.0 m3/s, and flood level discharge was elevated from 1.0 m3/s to 2.0 m3/s (Figure 39).
This scenario was run to investigate the effect of increased flooding events on the system
(Figures 40 & 41). Flow in the flood direction was highly subdued by the increased
discharge from the fluvial systems. Ebb flow exhibits similar features to that of normal
flow but with intensified flow velocities. Maximum flow through the railroad tracks in
upper Roberts Bay increased to almost 3.0 m/s, and large scale eddies formed landward
of the sinuous oyster bars and mangrove trees. This last scenario corroborated the results
from the previous three scenarios in exhibiting the effect that the natural and

73

anthropogenic structures have on flow patterns throughout the Dona and Roberts Bay
estuarine system. Flow is increased through the constricted areas of the system, eddies
are easily recognizable, and redirected flow around the structures, that cross the system
perpendicularly, is generally amplified.
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Figure 39. Discharge values input into the model for the first three scenarios. Discharge was doubled in the
last scenario to examine elevated storm flooding events.
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Figure 40. Ebb flow with elevated discharge through upper Roberts Bay. Flow velocity through the railroad
tracks approached 3.0 m/s.

Figure 41. Flood flow with elevated discharge through upper Roberts Bay.
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Prior to completing the modeling scenarios, an investigation was launched to
determine if there was a correlation between the flow patterns observed in the flow model
and sedimentological data collected in the surface and subsurface sediment samples. In
various locations of the study area the flow model generated areas with flow velocity
approaching zero in the main expanse of the bays (Figures 42 & 43). When comparing
this information with the sedimentological data, this area was found to be heavily
inhabited by oysters, and therefore mean grain size was comparatively larger.

Figure 42. Reduction of flow to nearly zero during ebb tide where Dona and Roberts Bays converge near
Venice Inlet.
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Figure 43. Formation of Eddies and reduced flow during ebb tide on lower Roberts Bay.

Another investigation between flow patterns and sedimentological data was
considered in the freshwater fluvial creeks that feed into an estuary. A study by Pertyk
and Bosmajan (1975) evaluated the influence of the drag force effect induced by
mangroves on the flow structure, with the drag force effect through the vegetation being
incorporated into the Manning coefficient. Mazda et al. (1995) numerically modeled the
tidal flow in an idealized straight creek with fringing vegetated mangrove swamps, using
a 2-D depth-integrated model for shallow water flows to study the asymmetry induced by
mangrove vegetation. He found that the vegetated banks of the fluvial system do affect
flow velocity substantially.
These investigations led to the assumption that fringing mangrove trees on tidal
creeks possibly influence flow velocities through the fluvial systems of Dona and Roberts
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Bay. Surface sedimentological data, acquired from the main tributaries, exhibit a fining
outward of sediment grain size throughout the entire fluvial system. It is possible that the
fringing mangroves could reduce the current on the fringes of the creeks, allowing for
finer particles to settle. Although the CMS 2-D model is capable of incorporating
spatially variable bottom friction, using variable manning coefficients, it is beyond the
scope of this research. This study focuses on regional-scale modeling of flow patterns.
Plans to incorporate spatially variable bottom friction and sediment transport are set in
motion and will be considered in future studies.

Results from Remote Sensing Data Analysis

Remote sensing techniques utilized in this study were incorporated to derive
quantitative statistical data from aerial photos. Remote sensing allows statistical analysis
from temporal data merely by examining attributes of a specific land cover in a desired
environmental setting. The location in which the focus of this remote sensing
investigation was applied to was the shoal that has formed at the base of Curry Creek.
Temporal data, in the form of aerial photos, were examined over a ten-year period. The
growth of surrounding vegetation and other biota was correlated with the development of
the shoal.

Horizontal and Vertical Profiles

Vertical and horizontal profiles of the shoal at the base of Curry Creek were
produced to determine the growth of the sand body using spectral data. When examining
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spectral profiles the bands that comprise the aerial photo emit a specific spectral signature
depending on land cover type. In the aerial photos obtained from the Land Boundary
Information System, the brightness values of the pixels ranged from 0-250. Attempts
were made to determine if the area and depth of the shoal at the base of Curry Creek
could be calculated using spectral profiles.
An accurate measurement could not be established due to the shape of the shoal.
Vertical and horizontal profiles can only give the pixel color variation on a small area of
the shoal. In order to calculate a representative area using spectral profiles, several
profiles would be needed, and even then, only an estimate could be made. The spectral
profiles were more useful in determining the exposure of the sand body.
Spectral profiles of the shoal derived from the aerial photo taken in 1995 illustrate
that the sand body has a maximum brightness value of approximately 130 in the blue
spectrum (Figure 44). Spectral values from the shoal in the 2004 image have a maximum
value of 175 (Figure 45). With these data it can be determined that the shoal is becoming
more aerially exposed indicated by the increasing brightness values. The rate at which the
shoal is becoming aerially exposed is impossible to determine using spectral signatures.

Figure 44. Horizontal and vertical spectral profiles from the 1995 color infrared aerial photo.
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Figure 45. Horizontal and vertical spectral profiles from the 2004 color infrared aerial photo.

Measuring the growth of shoal at the base of Curry Creek was significantly
simpler using the measurement tool on the ENVI 4.2 spectral toolbar (figure 46). The
area of the shoal measured from the 1995 color infrared photo was approximately 3000
m2. The area of the shoal measured in the 2004 color infrared aerial photo is
approximately 22,100 m2. This constitutes a growth in area of over 2100 m2/yr. The
aerial images also illustrate how the sand, once deposited into the bay, is redistributed
around the natural obstructions that inhabit the upper regions of the bay.
The sinuous oyster bars and mangrove mangals, aligned perpendicular to flow,
provide a barrier to sediment transport. The deposition of the shoal creates increased flow
through narrow channels on its margins. This increased flow continues to carry sediment
around the natural structures, depositing the sediment as flow velocities decrease.
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Figure 46. Sample measurement of the area of the shoal at the base of Curry Creek in 2004.

Supervised Image Classification

Three supervised image classification methods were used in this study. These
methods were the Minimum Distance, Parallelpiped and the Maximum Likelihood
classification methods. Five regions of interest were selected for each of the three images.
The areas were selected as follows; Mangrove trees (red), other vegetation (green), urban
areas (yellow), water (blue), and the sand body (cyan). Regions of interest were limited to
five classes because the focus of this aspect of the study was to determine if there existed
a correlation between the maturation of the biota in the area and the development of the
shoal at the base of Curry Creek. Therefore, concentration on the classes for the sand
body or submerged sediment, and the mangrove trees were most important. All other land
covers were classified into the remaining categories based on land cover type in order to
keep the focus on the target information. For instance, areas with obvious vegetation
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other than mangrove trees, such as agriculture, golf courses, parks, etc. were classified
together in one class. For the urban areas, roads, homes and businesses were all classified
into the same category. Lastly, all types of water were classified into the third category
because the color of the water from aerial photographs can be deceiving when
deciphering information. Each of these five classes had there specific range of brightness
values (Figure 47), which resulted in a distinct color-coded map for each type of
supervised classification method (Figures 47-49).

Figure 47. This image displays the range of pixel brightness values used to classify the land cover types
from each of the three time series aerial photos from the upper regions of Roberts Bay.

The supervised classification images are very useful in determining not only the
extent of the growth of the shoal, but also the direction in which it will continue to grow.
The submerged sediment is represented by the cyan color in the center of figures 48-50. It
is apparent that the amount of submerged sediment has grown significantly over the past
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ten years. In some places, areas that were once submerged are now exposed, even at low
tide. This is indicated by the yellow color in the middle of the sand body in the 2004
parallelpiped and minimum distance classifications. These areas also have a green color
in the middle of the sand body. The green color represents vegetation other than
mangrove trees. This green area is believed to represent an aerially exposed algae bloom.
This is especially evident on the minimum distance classification, where the algal mat
growing on top of the shoal covers much of the shoal in all three 2004 images, and the
parallelpiped image from 1999.
The parallelpiped image classification classified the pixels well. Most of the
image is clear and concise with boundaries clearly segregated. The only problem
experienced with the parallelpiped classification method is the fact that it left many pixels
unclassified (Figure 50). The minimum distance classification method also performed
well; however, it had trouble identifying submerged sediment (Figure 49). The method
that produced relatively the best results was the maximum likelihood method. This
method was able to pick up submerged sediment very well. It demonstrated how the sand
is beginning to migrate around the sinuous oyster bars. It also illustrated the accumulation
of sediment along the fringes of the system.
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1995

1999

2004

Figure 48. Maximum Likelihood classification of the shoal from 1995, 1999, and 2004. From left to right,
it is quite evident that the submerged sand body, indicated by the cyan color, has grown extensively.
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1995

1999

2004

Figure 49. Minimum Distance classification of the shoal from 1995, 1999, and 2004. Although not as
extensive, it is evident that the Minimum Distance also illustrates the growth of the sand body over the ten
year period of investigation. The submerged sand body is also indicated by the color cyan in the minimum
distance classification.
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1995

1999

2004

Figure 50. Parallelpiped classification of the shoal progradation from 1995, 1999, and 2004. The
Parallelpiped classification system is not as reliable in determining land cover types as well as the
Maximum Likelihood and Minimum Distance classification systems due the number of pixels left
unclassified.
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Post Image Classification

After classifying the images with the three image classification methods, post
classification class statistics were computed (Table 2). The tables were created in order to
reveal the growth of the sand body in area over time. Due to some classification error, it
was not possible to compute the area of the sand body with complete accuracy. The tables
do express that in each of the classification methods, the area of the sand body increases
over time, with one exception. The minimum distance method had a lower calculated
area in 2004 than in 1999. It is believed that this is may be due to the problem the
Minimum Distance classification method had in detecting submerged sediment. Different
methods yielded dissimilar areas due to the method of pixel classification.

Table 2. Post classification statistics derived from the Parallelpiped supervised classification method.
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Table 3. Post classification statistics derived from the Minimum Distance supervised classification method.

Table 4. Post classification statistics derived from the Maximum Likelihood supervised classification
method.
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A confusion matrix was run on all nine images following each of the three
classification methods (Table 3). The confusion matrix confirmed that the maximum
likelihood classification method was the most reliable method. Maximum likelihood
scored the highest accuracy and kappa coefficients in all three years with an overall
accuracy of 97.32% in 1995, 99.08 in 1999, and 97.01 in 2004. The other image
classification methods also had high accuracy and kappa coefficients, but not as high as
the maximum likelihood.

Table 5. Post classification confusion matrix from the three methods of Supervised Image Classification. A
total of nine images were produced using the classification schemes.
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Chapter 5
Conclusions

This study investigated the impact of natural and anthropogenic structures on flow
patterns and sediment characteristic in a shallow estuarine system. Surface sediment
samples, core sediment data, a two-dimensional depth-averaged flow model, and
applications in remote sensing were used to gain a better understanding of how these
structures influence estuarine morphodynamics. The findings from these analyses are:

 Surface sediment samples revealed that there is no simple distinctive spatial trend
in sediment grain-size distribution when investigated adjacent samples. However,
when the data are averaged, a number of trends do exist.
 Sediment characteristics vary significantly in space controlled by several
interactive factors including local sediment supply, intensity of the hydrodynamic
processes, distribution of oyster bars and mangrove islands, and artificial
structures.
 CaCO3 content is very high in various regions of the estuary. Large oyster shell
fragments in the samples skew the mean grain size.
 The artificial and natural structures that are aligned perpendicular to flow impede
flow patterns, which in turn influence sediment transport altering sedimentation
patterns throughout the system.
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 The majority of cores extracted from the estuary exhibit typical litho-stratigraphy
of an estuary system with interbedded sequences of sand and mud, with intense
bioturbation and abundant marine fossils.
 Pulses of heavy sedimentation of clean quartz sand brought on by storm-related
flooding events are evident in cores extracted from the base of Curry Creek and at
depth in other areas of the system.
 Areas of sedimentation are due to a combination of sediment transport and
sediment supply.
 Modeling results indicate that the natural and anthropogenic obstructions that
inhabit the bay have a dramatic effect on flow patterns in the upper regions of the
system. These obstructions subdue flow in some locations while intensifying flow
in others.
 Applications in remote sensing reveal that, from time series analysis, the shoal at
the base of Curry Creek has grown rapidly.
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Appendix I. Surface Sediment Sample Analysis

Appendix I contains analysis results from the surface sediment samples taken
from various locations within the Dona and Roberts Bay estuarine system. Samples are
segregated according to their general geographic location. There are a total of 149 surface
sediment samples in seven geographic locations around the bay. These areas include
Curry Creek, Shakett Creek, upper and lower Dona Bay, upper and lower Roberts, and
the Venice Inlet area.
The following tables include the exact location of sample, displayed by latitude
and longitude. Percent gravel, sand, mud, organic content in the entire sample, as well as
the percent CaCO3 in the sand fraction, were calculated. Mean grain size, standard
deviation, skewness, and kurtosis are also contained in the tables.
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Appendix I. (continued)
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Appendix I. (continued)
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Appendix I. (continued)
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Appendix I. (continued)
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Appendix II. Suburface Sediment Sample Analysis

Appendix II contains the analysis of the subsurface sediment samples collected
from the 29 cores obtained from the Dona and Roberts Bay estuarine system. Three to
Five samples were collected at various depths from sediment cores acquired from the
system. The depth the samples were collected form were selected according to lithologic
variation. The location of the cores is displayed in latitude and longitude. Percent gravel,
sand, and mud contained in the sample are included in the tables, as well as, mean grain
size, standard deviation, skewness and kurtosis.

103
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Appendix II. (continued)
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Appendix III. Core Photos with Lithologic Descriptions

Appendix III contains the photos and descriptions of the cores obtained from the
various regions within the Dona and Roberts Bay estuarine system. The photos contained
in the core logs were acquired by blending several individual photos, with an average
viewing area of 40 cm, into one complete core using a program known as Panorama
Factory. This was done in order to retain the detail of the core for future reference. The
length of the cores is displayed with compaction taken into consideration. Compaction
varies depending on the lithology of the core. Lithologic variance is displayed including;
color, sediment grain size, physical structures, bioturbation, organic content, and marine
fossil content. The red lines, with corresponding depths, indicate where sediment samples
were taken for grain size analysis.
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